Aims. In our ongoing search for close and faint companions around T Tauri stars in the Chamaeleon star-forming region, we here present observations of a new common proper motion companion to the young T-Tauri star and Chamaeleon member CT Cha and discuss its properties in comparison to other young, low-mass objects and to synthetic model spectra from different origins. Moreover, AO integral field spectroscopy with SINFONI in J, and H+K bands was obtained to deduce physical parameters of the companion, such as temperature and extinction. Relative flux calibration of the bands was achieved using photometry from the NACO imaging data. Results. We found a very faint (Ks = 14.9 mag, Ks 0 = 14.4 mag) object, just ∼ 2.67 ′′ northwest of CT Cha corresponding to a projected separation of ∼ 440 AU at 165 ± 30 pc. We show that CT Cha A and this faint object form a common proper motion pair and that the companion is by ≥ 4 σ significance not a stationary background object. The near-infrared spectroscopy yields a temperature of 2600 ± 250 K for the companion and an optical extinction of A V = 5.2 ± 0.8 mag, when compared to spectra calculated from Drift-Phoenix model atmospheres. We demonstrate the validity of the model fits by comparison to several other well-known young sub-stellar objects. Conclusions. We conclude that the CT Cha companion is a very low-mass member of Chamaeleon and very likely a physical companion to CT Cha, as the probability for a by chance alignment is ≤ 0.01. Due to a prominent Pa-β emission in the J-band, accretion is probably still ongoing onto the CT Cha companion. From temperature and luminosity (log(L bol /L ⊙ )= -2.68 ± 0.21), we derive a radius of R= 2.20 +0.81 −0.60 R Jup . We find a consistent mass of M= 17 ± 6 M Jup for the CT Cha companion from both its luminosity and temperature when placed on evolutionary tracks. Hence, the CT Cha companion is most likely a wide brown dwarf companion or possibly even a planetary mass object.
Introduction
CT Cha (aka HM 9), introduced in the 65th Name-List of Variable stars by Kholopov et al. (1981) , was originally found by Henize & Mendoza (1973) as an emission-line star in Chamaeleon, exhibiting variations in its Hα line from plate to plate and showing partial veiling (Rydgren 1980) . While the star was first classified as a T Tauri star by Whittet et al. (1987) , it was later found to be a classical T Tauri star by Weintraub (1990) and Gauvin & Strom (1992) from IRAS data. Natta et al. (2000) found evidence of a silicate feature disk (L sil = 10 −2 L ⊙ , L sil /L * = 0.014), using ISO data.
The variations in the Hα line were later interpreted as accretion signatures when Hartmann et al. (1998) measured a mass accretion rate of logṀ= −8.28 M ⊙ /a. Additional variations in infrared (Glass 1979) and optical photometry can possibly be explained by surface features on CT Cha at a rotation period of 9.86 days, as found by Batalha et al. (1998) .
All additional properties of the K7 (Gregorio Hetem et al. 1988 ) star CT Cha, such as its age ranging from 0.9 Myr (Natta et al. 2000) to 3 Myr (Feigelson et al. 1993) , as well as its equivalent width of the lithium absorption line of W λ (Li) = 0.40 ± 0.05 Å (Guenther et al. 2007 ), its radial velocity of 15.1 ± 0.1 km/s (Joergens 2006 ) and proper motion (Table 2) , are consistent with a very young member of the Cha I star-forming region, having an age of 2 ± 2 Myr. 
Direct observations of a wide companion

AO imaging detection
We observed CT Cha in two epochs in February 2006 and in March 2007 (see Table 1 ). All observations were done with the European Southern Observatory (ESO) Very Large Telescope (VLT) instrument Naos-Conica (NACO, Lenzen et al. 2003; Rousset et al. 2003) . In all cases the S13 camera (∼13 mas/pixel) was used in double-correlated read-out mode.
For the raw data reduction, we subtracted a mean dark from all science frames and the flatfield frames, then divided by the normalized dark-subtracted flatfield, and subtracted the mean background by using ESO eclipse / jitter. In all three images a companion candidate was found 2.67 ′′ northwest of CT Cha (Fig. 1 ), corresponding to ∼ 440 AU at a distance of 165 ± 30 pc, the latter estimated from the combination of data by Bertout et al. (1999) and Whittet et al. (1997) for Cha I members.
Astrometry
To check for the common proper motion of the tentative companion of CT Cha, we used the proper motion (PM) of the star published in the literature (Table 2) . We used the weighted mean proper motion for checking whether the two objects show common PM below. To determine the positions of both components, we constructed a reference PSF from both objects. Thus, we obtained an appropriate reference PSF for each single image. Using IDL/starfinder, we scaled and shifted the reference PSF simultaneously to both components in each of our individual images by minimizing the residuals. Realistic error estimates in position The long dashed lines enclose the area for constant separation, as expected for a co-moving object. The dash-dotted line is the change expected if the CT Cha companion is a non-moving background star. The opening cone enclosed by the continuous lines its estimated errors. The waves of this cone show the differential parallactic motion that has to be taken into account if the other component is a non-moving background star with negligible parallax. The opening short-dashed cone is for the combination of co-motion and the maximum possible orbital motion for a circular edge-on orbit. (Zacharias et al. 2004) -22.2 ± 5.2 7 ± 5.2 ICRF ext. (Camargo et al. 2003) -18 ± 10 4 ± 9 weighted mean -21.3 ± 4.6 6.3 ± 4.5 and flux for each object were obtained from the mean and standard deviation of the positions found in all individual images of a single epoch. We calibrated the NACO data using the wide binary star HIP 73357 for our two measurements in 2006 and 2007. The astrometry of this binary was measured very accurately by the Hipparcos satellite. However, 15 years have passed since these measurements, allowing a large possible orbital motion of the binary, which is now dominating the astrometric uncertainty, resulting in the calibration given in Table 3 . The astrometric errors include Hipparcos errors, maximum possible orbital motion of the calibration binary and measurement errors of the position of CT Cha and its companion. Our derived pixel scale is in good agreement with earlier measurements as e.g. in Neuhäuser et al. (2005 Neuhäuser et al. ( , 2008 .
The common proper motion analysis made use of relative measurements; hence, the astrometric calibration used for our images took into account only the uncertainties in separation and position angle, as well as in proper motion and orbital motion between the two epochs of 2006 and 2007. This allows precise measurement of the relative motions of CT Cha and the compan- Table 4 . The absolute astrometry, which has to take the full uncertainties of the astrometric calibration into account, is given in Table 3 . We would like to stress that common proper motion can be shown based on relative astrometry, while absolute values are given for future comparisons, also with different instruments.
From Fig. 2 , we can exclude by 3.9 σ that the CT Cha companion is a non-moving background object. Due to the location of the companion (northwest of CT Cha A) and the proper motion (also towards northwest), the position angle (PA) gives only little additional significance (1.2 σ deviation from the background hypothesis), resulting in a combined significance of ≥ 4 σ for the exclusion of the background hypothesis. For a K7 star and a sub-stellar companion (see below) at a projected separation of ∼ 440 AU (at ∼ 165 pc), the orbital period is ∼ 11000 yrs; hence, the maximum change in separation due to orbital motion (for circular edge-on orbit) is ∼ 1 mas/yr (∼ 0.07 pix/yr) or ∼ 0.03
• /yr in PA for pole-on orbit. Neither in separation nor in position angle any significant sign of orbital motion could be detected, given the short epoch difference (∼ 1 year).
While the negligible differences seen in PA and separation between the different observations are consistent with common proper motion, a possible difference in proper motion between both objects of up to a few mas/yr cannot be excluded from the data. Such a difference in proper motion would be typical of the velocity dispersion in star-forming regions like Cha I (Ducourant et al. 2005) . As a result we cannot yet exclude both objects being independent members of Cha I, thus, not orbiting each other. Even if this were the case, the age and distance (within the given uncertainties) would be the same for both objects, and likewise the mass estimation. However, the probability of finding such a red object at a projected separation less than 2.67
′′ but physically unrelated to CT Cha is very small. Taking the number density of objects with similar spectral type and same (or higher) brightness from the Dwarf Archives 1 , we find a probability of 4 ·10 −9 that an object like the CT Cha companion within 2.67 ′′ is a chance alignment. Even in the denser areas of the Chamaeleon I star-forming region, objects that red are scarce, and the number density obtained from Luhman et al. (2006) results in a probability of approximately 4 ·10 −3 for a chance alignment. Following the approach of Lafreniere et al. (2008) , we can estimate the probability of a chance alignment from the surface density of all sources surrounding CT Cha from the Two Micron All Sky Survey (2MASS) Point Source Catalogue (PSC) of the same brightness (or brighter) than our companion candidate within the same angular separation. This calculation results in a probability of 8 ·10 −3 , while one should be careful since the completeness of 2MASS is only assured until ∼ 15 mag in Ks-band, which is comparable to the apparent magnitude of the CT Cha companion. It is thus likely that the two objects are orbiting each other. Even if not bound, they are both young, hence members of Chamaeleon, i.e. at roughly the same distance and age.
The presence of an additional source that can be ruled out as companion due to its color and proper motion (see 'cc2' in Fig. 1 ), can be explained by the additional source being approximately 2 magnitudes fainter than our newly found co-moving companion and the number of sources in the 2MASS PSC being increasing logarithmically with their brightness until the completeness limit of the catalog, resulting in a drastically increased surface density of such fainter objects if the number of sources is extrapolated to lower brightnesses.
Photometry
As described in the last section, we also obtained from the PSF fitting of both components the flux ratio of the CT Cha companion and CT Cha A. Using the photometry of CT Cha A from the Two Micron All Sky Survey (2MASS) catalog of J = 9.715 ± 0.024 mag, and K = 8.661 ± 0.021 mag, and adding 0.3 mag variability in A estimated from data by Batalha et al. (1998) , Ghez et al. (1997) , and Lawson et al. (1996) to the error of the companion, we obtain its photometry (5).
The Ks-band magnitudes obtained in the two epochs agree within their 1σ errors, giving no indication of photometric variability. From the extinction-corrected J 0 − K s 0 = 0.84 ± 0.50 mag (2007, see Sect. 4) we estimate a spectral type of earlier than L5 for the faint CT Cha companion using the dwarf scale in Golimowski et al. (2004) .
Spectroscopy
In addition to our NACO measurements, we used the adaptiveoptics integral-field spectrograph SINFONI, also mounted at UT 4 of the ESO VLT, to obtain spectra that do not suffer from wavelength-dependent slit losses that occur on normal spectrographs with narrow entrance slits, especially when combined with AO (Goto et al. 2003) .
The Evidence of a co-moving sub-stellar companion of CT Cha the target (∼ 1.6) and good seeing conditions of ∼ 0.6 ′′ (optical DIMM seeing).
As telluric standards HIP 54257, a B6 IV/V star, and HIP 75445, a G1 -G3 V star, were used for the J-band and H+K-band, respectively. In order to correct for features of these standard stars, the Pa-β absorption at ∼ 1.282 µm of HIP 54257 was fitted by a Lorentzian profile and removed by division, and the metal lines and molecular bands of the sun-like star HIP 75445 were removed by a convolved high-resolution solar spectrum made available by the NSO/Kitt Peak Observatory.
We used the SINFONI data reduction pipeline version 1.7.1 offered by ESO (Jung et al. 2006 ) with reduction routines developed by the SINFONI consortium (Abuter et al. 2006) . After standard reduction, all nodding cycles were combined to a final data cube. We used the Starfinder package of IDL (Diolaiti et al. 2000) and an iterative algorithm to remove the halo of CT Cha A, both described in detail in Seifahrt et al. (2007) . Since the J-band and H+K-band spectra do not overlap, we convolved the NACO and 2MASS filter transmission curves in a final reduction step with our measured spectra in J-and Ks-band and aligned the relative flux levels of both spectra by comparison of the integrated flux with the flux in J-and Ks-band of the photometry from March 1 / 2 2007 (see Table 5 ) converted to a flux density using the Spitzer Science Center Magnitude to Flux Density converter 2 based on Cohen et al. (2003) for the calibration of 2MASS.
To put the CT Cha companion into context, we compare its spectra to model atmospheres, as well as to previously found sub-stellar companions and free-floating objects in very young associations in the following sections.
Comparing with Tsuji Unified Cloudy and with GAIA Dusty-Phoenix model atmospheres
We compare our spectrum with synthetic model spectra, which have to account for dust, beginning to condensate at temperatures T eff ≈ 2700 K in the outer atmospheric layers (Tsuji et al. 1996; Chappelle et al. 2005 ). Therefore we used the GAIA Dusty-Phoenix models v2.0 (Brott & Hauschildt 2005 ) and Tsuji's unified cloudy models (UCM) with different values of T crit (Tsuji 2005 ). Tsuji's UCM-models were originally intended for old L-and T-dwarfs, where T crit was introduced to parametrize a possibly varying cloud height. The Tsuji UCMmodels were calculated for lower surface gravities for this work by Tsuji (private communication) . Because none of these models fitted our data across the whole parameter range, we tried to account for an additional broad-band opacity contribution in the frame of these models. As shown in Fig. 6 of Burrows et al. (2006) , dwarf spectra strongly depend on the cloud particle size and the actual dust chemistry, but the grain sizes change depending on altitude (Helling & Woitke 2006) . Due to the unavailability of these models for low surface gravities, we simulated the broad veiling in the near-IR spectra and the partial filling of the spectral troughs and flattening of the otherwise strongly peaked H-band due to the presence of more clouds of small grains by adding an additional blackbody of similar effective temperature as compared to the underlying synthetic models.
The best fit could be achieved using the modified UCM grid for T eff = 2200 ± 200 K (T crit = 1800 K), a visual extinction of A V = 2.8 ± 0.8 mag in combination with an additional blackbody of 2250 ± 250 K, at a flux ratio of 1:1 with respect to the 2 http://ssc.spitzer.caltech.edu/tools/magtojy/ unmodified UCM spectra. This corresponds to a spectral type of M9 -L3 using the dwarf spectral type to temperature conversion in Golimowski et al. (2004) . However, all derived parameters are highly correlated, and we cannot prove that an additional blackbody accounts for an additional broad-band opacity source.
Comparing with Drift-Phoenix model atmospheres
In contrast to previous model atmosphere results like Dusty-and Cond-Phoenix, the Tsuji-UCMs, the SettlePhoenix (Allard et al. 2007 ) and the Ackerman & Marley models (Ackerman & Marley 2001; Marley et al. 2007 ), Woitke & Helling (2003 , 2004 , and Helling & Woitke (2006) presented a kinetic model description of the formation and evolution of dust in brown dwarfs. These models are studied in a test case comparison in Helling et al. (2008a) .
Recently, Dehn et al. (2007) and Helling et al. (2008b) combined the non-equilibrium, stationary cloud model from Helling et al. (2008c, DRIFT: Nucleation, seed formation, growth, evaporation, gravitational settling, convective overshooting / up-mixing, element conservation) with a generalpurpose model atmosphere code (Hauschildt & Baron 1999 , PHOENIX: Radiative transfer, hydrostatic equilibrium, mixing length theory, chemical equilibrium). This gives us the unique opportunity to compare and classify spectra of low-temperature objects, where the formation of dust-cloud layers play a major role in the spectral appearance.
We used an almost complete grid of Drift-Phoenix models in the range of T eff = 2000 . . . 2800 K, log g= 3.0 . . . 4.0, and [M/H]= -0.5 . . . 0.5 in steps of 100 K, 0.5, and 0.5, respectively. Moreover, we still need to account for reddening of our spectra, which increases the importance of the relative calibration of our spectra in J-band and H+K-band, as the accuracy of the extinction determination increases with the spectral coverage. This correction is important as the effective temperature is highly correlated with the extinction, because both values change the slope of the spectrum in J-, H-, and K-band, and already less than A V = 2 mag can change the shape of the spectra significantly (Lodieu et al. 2008) .
Due to the high number of free parameters after taking the metallicity and the local extinction in the Chamaeleon region into account, which can be up to A V = 18 mag (Kainulainen et al. 2006 ) depending on the position in the Chamaeleon star-forming region, we used a χ 2 minimization algorithm to find the bestfitting combination of (a) the effective temperature, (b) the sur- face gravity, (c) the metallicity, and (d) the extinction correction of the measured spectrum. To determine the extinction, we assumed that a possible circumstellar disk makes a negligible contribution to our near-IR spectra, a reasonable assumption given that brown dwarf disks are too cool to provide any significant near-IR excess emission (Liu et al. 2003; Natta & Testi 2001; Allers et al. 2007 ). As described in Seifahrt et al. (2007) , uncertainties from the noise in the spectra were found to be insignificant compared to the intrinsic uncertainties in the synthetic spectra.
We find a best fit for the companion candidate of CT Cha at T eff = 2600 ± 250 K, a visual extinction A V = 5.2 ± 0.8 mag, log g= 3.5, and [Me/H]= 0.0, shown in Fig. 4 . All values are derived from our χ 2 minimization analysis, see also Fig. 3 . While the error bars of the temperature are quite high due to high degeneracy of effective temperature and extinction, the error bars of the surface gravity and metallicity are both ≥ 0.5 dex, hence giving no significant constraints for these parameters.
Several signs of youth are present in the spectrum of the CT Cha companion, like the depth of the KI lines in J-band, the perfectly triangular shaped H-band, which lacks any sign of the FeH absorption bands usually seen in old field dwarfs, or the slope of the bluest part of the J band as already found for the young companion of GQ Lup (Seifahrt et al. 2007 ) and for 2MASS J01415823-4633574 (Kirkpatrick et al. 2006 ).
Comparison of Drift-Phoenix to
USco J160648-223040
In Fig. 6 we compare the spectrum of the young free-floating object USco J160648-223040 to the best-fitting model of its spectrum from the same Drift-Phoenix model grid used in the previous section. This free-floating brown dwarf in the ∼ 5 Myr old Upper Scorpius association was found in an infrared photometric survey (Lawrence et al. 2007 ) and later classified with the (optical) spectral type M8 (Lodieu et al. 2008 ) by perfectly matching the infrared spectrum of SCH 162528.62-165850.55, a known member classified optically as M8 (Slesnick et al. 2006 ). We find a best fit (Figs. 5, 6 ) for USco J160648-223040 using the Drift-Phoenix models T eff = 2700 ± 250 K, A V = 0.2 + 0.8 − 0.2 mag at log g= 3.5 and [Me/H]= -0.5. The derived best-fitting temperature of 2700 K nicely matches both values of 2720 K and 2710 K using the former and new temperature (to spectral type conversion) scale of Luhman (1999) and Luhman et al. (2003) , respectively, for a(n optical) spectral type of M8 and for objects intermediate between dwarfs and giants, appropriate for young, not fully contracted, sub-stellar objects.
Recently, Allers et al. (2007) have tested several H 2 O indices from the literature and find that a spectral index defined as F λ=1.550−1.560 / F λ=1.492−1.502 and used with low-resolution spectra yields an index-SpT relationship that is independent of gravity and shows a linear relation between the index and the spectral type. We used this index to determine a spectral type for USco J160648-223040 independent of Drift-Phoenix models. From the mid-resolution spectrum of USco J160648-223040, we find the spectral index to be ∼ 1.0584 originally and ∼ 1.0558 after dereddening A V = 0.2 mag, as found by our best fit using the synthetic atmospheric models. If we then use Eq. (1) from Allers et al. (2007) (fit for field dwarfs, giants, and young standards for spectral types M5 -L0) to invert this index to a spectral type, we get M7.01 and M6.95, respectively, hence M7.
This may be a discrepancy from the temperature scale in Luhman et al. (2003) , consistent with the spectral type determined from spectral comparison to an optical M8 standard and to our derived temperature of ∼2700 K. As mentioned in Luhman & Muench (2008) , the uncertainties in the temperature scale are at least ± 100 K, as in the case of our derived temperatures, so that the difference is still within the derived errors. However, the spectral types in Allers et al. (2007) are near-IR determined spectral types. As argued by Gelino et al. (2006) and Kirkpatrick (2005) , it is neither uncommon nor unexpected that optical and near-IR spectral types do not agree for old L-and T-dwarfs and can even differ for M-dwarfs (Meyer & Wilking 2008) . The closest example we could find to USco J160648- 223040 is 2MASS J1204303+321259, which was classified optically as L0 by Cruz et al. (2003) and in the near-IR as M9 by Wilson et al. (2003) . We conclude that the most probable solution to this discrepancy is that the near-IR spectral type of M7 of USco J160648-223040 corresponds to an optical spectral type of ∼ M8. We can, then, further conclude that the companion candidate to CT Cha has a spectral type ≥ M8, as the best fit for its effective temperature of T eff = 2600 K is 100 K below the best fit of T eff = 2700 K for USco J160648-223040, which corresponds to spectral type M8 of the used optical comparison standard via the temperature scale (Luhman et al. 2003) .
Comparison to USco J160714-232101
In Fig. 8 we compare our SINFONI spectra of the CT Cha companion with another young free-floating brown dwarf from the ∼ 5 Myr old Upper Scorpius association USco J160714-232101 (Lodieu et al. 2008) . For this object we find a best fit in comparison to the Drift-Phoenix grid, see Fig. 7 , for T eff = 2600 ± 400 K, A V = 2.1 ± 1.9 mag at log g= 3.5 and Me/H]= 0.0. As can be seen in Fig. 8 , our SINFONI spectra of the CT Cha companion and the spectrum of USco J160714-232101 match very well after dereddening. USco J160714-232101 is given as a spectral type L0 member of the Upper Scorpius association in Lodieu et al. (2008) from comparison to the infrared spectra of two standards of spectral types M8 and M9, which were characterized by their optical spectra, and neglecting possible present extinction. We had to deredden the spectrum of USco J160714-232101 by A V = 2.1 mag to match the Drift-Phoenix atmospheric models, so we conclude that the CT Cha companion has a spectral type of ≤ L0 and, in combination with the result from the previous section, an optical spectral type of M8 -L0. Luhman et al. (2006) present the discovery of a similar object, which is interesting as a comparison object, as it is not member of a slightly older association as the already presented Upper Scorpius objects, but also a member of the very young Cha I star-forming region. They conclude that the object is very likely 
Comparison to CHXR 73 B
In Fig. 10 we show the χ 2 minimization results for this object giving a best fit in comparison to the Drift-Phoenix grid for T eff = 2600 ± 450 K, A V = 12.6 ± 2.1 mag at log g= 4.5 and [Me/H]= 0.0. The higher uncertainties in temperature and visual extinction at the same temperature as for the CT companion candidate are due to high reddening of CHXR 73 B resulting in a low signal-to-noise (S/N) and high correlation of temperature and extinction. The accordingly dereddened spectrum of CHXR 73 B is compared to the companion of CT Cha in Fig. 11 .
As can be seen from this comparison, there are deviant slopes in the blue part of the H-band and the red part of the K-band. However, these parts of the spectrum have a low S/N due to the high extinction in comparison to the rest of the corresponding bands, as can be seen in Fig. 9 . We find an unusually high surface gravity, log g= 4.5 being at the edge of our extended DriftPhoenix model grid at this temperature. This is supported by the deep potassium lines at ∼ 1.25 µm, however, the whole J-band also has a low S/N as already dicussed in Luhman et al. (2006) .
Finally the new extinction value of A V = 12.6 ± 2.1 mag is much higher than the originally derived value of A V ∼ 7.6 mag, converted from A J ∼ 2.1 mag in Luhman et al. (2006) using the extinction law by Rieke & Lebofsky (1985) . This can be partly explained by the extinction originally having been determined in comparison to KPNO-Tau 4 (A J ∼ 0 mag Briceño et al. 2002) in Luhman et al. (2006) , while Guieu et al. (2007) give a value of A V = 2.45 mag. The remaining discrepancy can probably be attributed to measurement uncertainties, as the uncertainty we found of ± 2.1 mag already covers 82 % of the residual difference to our new derived value of A V = 12.6 ± 2.1 mag.
If we assume the new extinction value of A V = 12.6 ± 2.1 mag to be correct, the luminosity of CHXR 73 B changes from log L bol /L ⊙ = -2.85 ± 0.14 (Luhman et al. 2006) to log L bol /L ⊙ = -2.56 ± 0.22 if we assume in addition B.C. K = 3.15 ± 0.15 mag (corresponding to an optical spectral type of M8 -L0 as for the CT Cha companion), as well as the distance of 165 ± 30 pc and an absolute bolometric magnitude of the sun M bol⊙ = 4.74 mag. Luhman et al. (2006) . From top to bottom: Spectrum dereddened by A V = 7.6 mag as given as A J ∼ 2.1 mag (Luhman et al. 2006) and transformed using the extinction law of Rieke & Lebofsky (1985) . Reddened spectrum as originally measured.
Although there is no final proof that the nature of the CT Cha companion and CHXR 73 B are the same, most indications (e.g. luminosity, temperature, hence spectral type) point to this explanation. Moreover, the spectra match very well in the areas of good S/N after correction for extinction. However, we cannot exclude from this comparison that the deviant slopes in the blue part of the H-band and the red part of the K-band, as well as the deep potassium lines at ∼ 1.25 µm, are indeed real and connected to a higher age and surface gravity for CHXR 73 B.
Comparison to 2MASS J01415823-4633574
We also compared our SINFONI spectra of the CT Cha companion with the young free-floating object 2MASS J01415823- 4633574 found by Kirkpatrick et al. (2006) . Our best fit for this object in comparison to the Drift-Phoenix grid suggests the same temperature of 2600 K as for the CT Cha companion and ≥ 4 mag of extinction. However, only the H-and K-band show a good fit in this case. Slightly more reddening in the J-band would solve this problem for the J-band but would decrease the quality of the fit in the other two bands, pointing however towards a lower temperature. Moreover, the K I lines at ∼ 1.25 µm are slighly deeper than in the CT Cha companion, while the gravity sensitive sodium doublet in the K-band cannot be seen in 2MASS J01415823-4633574, pointing towards a slightly higher surface gravity, and we find an unusually deepness of the broad VO feature whose center is at ∼ 1.20 µm.
If we assume that no extinction can be present, or not much, since the object is lying in the field, not in a young star-forming association, we find an H 2 O index (already used in Sect. 3.3) from the measured H-band spectrum of ∼ 1.16856 corresponding to infrared spectral type M9.5 (Allers et al. 2007 ), while its optical spectral type is probably even later. Since the temperature scale of Luhman et al. (2003) ends at M9, we cannot find an appropriate temperature equivalent for this probably young object.
It is challenging to explain the spectrum of 2MASS J01415823-4633574, even though the Drift-Phoenix models match objects of slighly earlier spectral types nicely. The most probable explanations are that 2MASS J01415823-4633574 might either have properties lying outside of the values used in our grid or that it is indeed a peculiar object as discussed in Kirkpatrick et al. (2006) , hence we suggest keeping the spectral type L0pec for now. Generally, we find a good comparison for non-peculiar objects with the Drift-Phoenix models, which shows that these new model atmospheres are useful.
Mass estimation and discussion
We derived a luminosity of log(L bol /L ⊙ )= -2.68 ± 0.21 for the CT Cha companion from the extinction corrected values Ks 0 = 14.37 ± 0.32 mag (2006) We considered several possibilities for deriving a final mass. Since our S/N is too low in the very blue region of the J-band, we did not use the gravity-sensitive sodium index from Allers et al. (2007) . We likewise cannot use the depth of the alkali lines, because they are still in the process of being included in the DriftPhoenix atmospheric models, which are the only models we found able to reproduce the J, H, and K continua of the CT Cha companion without any additional assumptions. As a result, we use evolutionary models to get a mass estimation of the object, stressing, however, that such models are uncertain up to at least ∼ 10 Myrs due to unknown initial conditions (Chabrier et al. 2005) . For an age of 2 ± 2 Myr, we find from luminosity and temperature masses of 8 -23 M Jup , 13.5 -60 M Jup (Baraffe et al. 2003 ) and 9 -23 M Jup , 12.5 -50 M Jup (Chabrier et al. 2000) and ∼ 9 -22 M Jup , ∼ 11 -60 M Jup (Burrows et al. 1997) , respectively. The best-fitting models are from Burrows et al. (1997) and give for an age of 2 Myr a temperature of 2540 K, a surface gravity of log g= 3.9, and a luminosity of log(L bol /L ⊙ )= -2.64 a mass of 17 M Jup . The possible mass intervals from luminosity and temperature of all evolutionary models overlap, so we conclude from the intersection of these intervals that our companion candidate has a mass of 17 ± 6 M Jup .
To obtain a limit from direct observational evidence, we can compare the CT Cha companion with the eclipsing double-lined spectroscopic binary brown dwarf 2MASS J05352184-0546085 found by Stassun et al. (2006) with known masses from first principles and of a comparable age to CT Cha. From this comparison we conclude that, due to much lower luminosity, lower temperature, and radius, the CT Cha companion must be lower in mass than all the components in 2MASS J05352184-0546085, i.e. ≤ 35 M Jup (Stassun et al. 2007) .
From the comparison to objects in the Upper Scorpius association (Lodieu et al. 2008) , we found an optical spectral type of the CT Cha companion of M8 -L0. We note that our object is very likely a member of the Cha I star-forming region, because it is co-moving with the primary, a member of Cha I, and because the equivalent width of the two combined potassium (K I) lines around 1.25 µm of 9 ± 5 Å is smaller, just as for USco J160714-232101, pointing to a lower age than ∼ 5 Myr since this object is a member of the Upper Scorpius association (Lodieu et al. 2008) . From our fits to the Drift-Phoenix models, we found a likely metallicity of [Me/H]=0.0. Although this value is not very well constrained, it is consistent with the median value [Fe/H] of -0.11 found for some members of Chamaeleon (Santos et al. 2008) .
At a projected distance of ∼ 440 AU, the system is probably still below the long-term stability limit of ∼ 700 AU for a K7 primary star of 0.7 M ⊙ , following the argumentation of Weinberg et al. (1987) and Close et al. (2003) (see also Mugrauer & Neuhäuser 2005 , for a discussion).
Brown dwarf companions of slightly higher mass have also been found as companions to much older stars and at a variety of projected separations. Examples are GJ 229 B Oppenheimer et al. 1995) at a projected separation of ∼ 45 AU and the binary brown dwarf companion Eps Indi B (Scholz et al. 2003 ) at a projected separation of ∼ 1460 AU from their primaries. The currently most similar co-moving system to CT Cha A and its companion at a higher age is, however, HD 3651 B (Mugrauer et al. 2006 ) and its host star found to have a projected separation of ∼ 480 AU.
The prominent Pa-β emission line in the J-band is most likely due to ongoing accretion onto the CT Cha companion, produced in the shock-heated magnetospheric accretion flow (Muzerolle et al. 1998; Whelan et al. 2004; Kurosawa et al. 2005) and thus another sign of its youth. While this magnetospheric accretion model predicts a correlation between emission line strengths of hydrogen lines and accretion rate (Muzerolle et al. 1998) , as used to determine accretion rates from the H-α emission line, Folha & Emerson (2001) find no such agreement for the Pa-β emission line of approximately half of the 49 studied classical T-Tauri stars (see Whelan et al. 2004 , for a discussion). Interestingly, we did not find any emission in the Br-γ line around 2.166 Å. While a possible emission of Br-γ might be present below the detection limit, the same behavior, having only Pa-β emission, was also found for the companion of GQ Lup (Seifahrt et al. 2007 ).
Very interesting is the high extinction value of A V = 5.2 ± 0.8 mag of the CT Cha companion compared to the extinction value of CT Cha A, which we determined with the J-, H-, and K-band 2MASS photometry partly given in Sect. 2.3 and in comparison to the colors of main-sequence stars given in Kenyon & Hartmann (1995) . We find a best fit for A V ∼ 1.3 mag and spectral type K7 consistent with the spectral type K7 by Gregorio Hetem et al. (1988) . This is in good agreement with A V ∼ 1.4 mag found by Cambresy et al. (1998) from I -J color excess, but inconsistent with the A V ∼ 0.1 mag found by the same authors using star counts.
This behavior is very similar for CHXR 73 A and its companion CHXR 73 B, which has similar properties as the CT Cha companion and thus both are probably similar in nature. We found an extinction of CHXR 73 B of A V = 12.6 ± 2.1 mag from fitting the spectrum of CHXR 73 B to Drift-Phoenix models, afterwards matching in the highest signal-to-noise areas the spectra of the CT Cha companion. We find the same best temperature 2600 K fitting both objects, while the luminosities are consistent within their 1 σ error bars. Even the difference of primary to secondary optical extinction is similar, being 3.1 -4.7 mag for CT Cha and 1.7 -5.9 mag for CHXR 73, derived from comparison of our CHXR 73 B value to the value of CHXR 73 A A J = 1.8 mag (Luhman 2004 ) and using the extinction of KPNO-Tau 4 A V = 2.45 mag (Guieu et al. 2007 ) (see Sect. 3.5) . However, we can still not exclude from our spectral comparison that the deviant slopes in the blue part of the H-band and the red part of the K-band (see Fig. 11 ), as well as the deep potassium lines at ∼ 1.25 µm of CHXR 73 B, are indeed real and connected to a higher age and surface gravity of CHXR 73 B.
This difference in the extinction of the objects can have any of the following three causes. (1) The extinction in the young Chamaeleon I star-forming region is very clumpy and changes drastically on short spatial scales. (2) Although a close to poleon disk around a sub-stellar object would make no significant contribution to the spectrum in the near-infrared, an object bearing a close to edge-on disk could be reddened in this spectral region due to e.g. reflection and absorption by the disk. (3) The companions of CHXR 73 and CT Cha are both a projection effect and are actually situated further to the back of the Cha I cloud, still co-moving as they are members of the star-forming region, sharing the same space motion in a moving group, but not being physically bound to their primary objects. This can hardly be reconciled, however, with the probabilities of finding a by chance alignment estimated to be ∼ 0.001 for CHXR 73 B by Luhman et al. (2006) and ∼ 0.01 for the CT Cha companion by us (see Sect. 2.2).
We conclude from our mass estimate of 17 ± 6 M Jup that the CT Cha companion is most likely a brown dwarf, we can, however, not exclude the possibility that the CT Cha companion is a planetary mass object. There is yet no consensus or definition for planets around other stars, or for the upper mass limit of planets. In general we can follow the discussion in Luhman et al. (2006) saying that CHXR 73 B was probably not formed in a planetary fashion as its separation from the primary is very high, as is the case for the CT Cha companion, and cloud fragmentation was shown to be able to produce even isolated objects of similar masses. However we would like to stress that this argumentation assumes that the companions actually formed at the current separation to their primaries. We cannot yet rule out that the objects were scattered outward, as supposed for the sub-stellar companion of GQ Lup by Boss (2006) and Debes & Sigurdsson (2006) and supported by planet-planet interaction models as e.g. from Nagasawa et al. (2008) , where planets can be scattered to highly excentric orbits and large semi-major axis by interaction.
New evolutionary models by Marley et al. (2007) show that objects created by core accretion have lower luminosities at very young ages than expected before. As CT Cha A and its companion have an estimated age of 2 ± 2 Myr, it is thus unlikely that the companion was formed by core accretion. The spectrum of the free-floating brown dwarf USco J160648-223040 Lodieu et al. (2008) in spectral resolution 1500 is shown (black) in comparison to the best-fitting Drift-Phoenix (Helling et al. 2008b ) synthetic spectrum (red, same spectral resolution) of 2700 K, log g= 3.5, [Me/H]= -0.5 and a visual extinction of A V = 0.2 mag. Shown is the full available spectrum of USco J160648-223040 beginning at 1.15 µm. There are some peaked deviations in the object's spectrum in contrast to the model, probably caused by detected cosmic rays. See text for more details. 8 . From top to bottom: J, H, and K band spectra, adjusted in their relative flux levels. In each panel: Our SINFONI spectra of the CT Cha companion in spectral resolution 1500 (black) are shown in comparison to the spectrum of the free-floating brown dwarf USco J160714-232101 (Lodieu et al. 2008 ) (red, same spectral resolution). The fit of both objects with Drift-Phoenix (Helling et al. 2008b) gives 2600 K, log g= 3.5, [Me/H]= 0.0, while they have A V = 5.2 mag and A V = 2.1 mag respectively. Shown is the full available spectrum of USco J160714-232101 beginning at 1.15 µm. There are some peaked deviations in USco J160714-232101's spectrum in contrast to the CT Cha companion candidate, probably caused by detected cosmic rays. Further note the difference in the Pa-β emission line at ∼ 1.282 µm. See text for more details. . From top to bottom: J, H, and K band spectra, adjusted in their relative flux levels. In each panel: Our SINFONI spectra of the CT Cha companion in spectral resolution 300 (black) are shown in comparison to the spectrum of the companion CHXR 73 B Luhman et al. (2006) , also a member of Cha I (red, same spectral resolution). The fit of both objects with Drift-Phoenix (Helling et al. 2008b) gives 2600 K, [Me/H]= 0.0, while they have A V = 5.2 mag, log g= 3.5, and A V = 12.6 mag, log g= 4.5 respectively. Note the deviant slopes in the blue part of the H-band and the red part of the K-band, possibly caused by the lower signal-to-noise in these parts of the bands, as can be seen in Fig. 9 . See text for more details.
